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ABSTRACT 
 
 
Using the framework of an endogenous growth model, this paper empirically analyses the 
role of trade policies on output growth in Turkey during the period of 1980-2000.  The 
cointegration and error correction modeling approaches have been applied.  The empirical 
results suggest that there exists a unique long-run relationship between gross domestic 
product and its major determinants of real capital stock, labour force, real net imports and 
secondary school enrolment ratio.  The short-term dynamic behaviour of this relationship 
has been investigated by estimating an error correction model in which the error correction 
term has been found to be statistically significant and with correct sign.  
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1. Introduction 
 
Since the early 1980s, a significant number of developing countries 
were both voluntarily and involuntarily, adopting policies of trade 
liberalization irrespective of their level of growth and development.  
Encouraged by the success of the export-oriented Asian economies, the 
main objective behind the trade liberalization policies was to increase 
both production and exports.  The Turkish economy also went through a 
significant policy change by adopting an outward-looking growth 
strategy in the beginning of 1980s.  The domestic economy was opened 
to foreign competition by offering some tax concessions, tariff-free 
imports of capital goods, intermediate inputs and raw materials, and the 
financial market was liberalized by abolishing rigid control on interest 
rates, exchange rates and macro prices.  The private sector and foreign 
capital investments were expected to be the engines of growth, whilst 
the public sector was supposed to focus on investment in social and 
physical infrastructure. 
 
The paper augments Romer’s (1990) model of endogenous growth (see 
Table 2) by incorporating an index of trade liberalization.  The 
augmented Romer model, using data for the period of 1980-2000, is 
then empirically examined in the context of Turkish economy.  We 
apply cointegration analysis, instead of regression methodology.  While 
the regression methodology appears to encounter spurious regression 
problems if the variables of interest are non-stationary, standard growth 
theories provide the conditions for the long-run (steady state) 
equilibrium.  The cointegration analysis, on the other hand, not only 
looks for a linear combination of the non-stationary time series that is 
itself stationary, but also makes an attempt (using an error correction 
term) to carve out the dynamic behavior of the process of adjustments 
from short run disequilibria to a long run equilibrium1. 
                                                 
1 Some of the theoretical issues relating to tests for cointegration and formulation of 
error correction model etc. can be found in Dutta and Ahmed (1999). 
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After going through a short review of a few major studies on the 
relation between trade liberalization and endogenous growth in 
Section 2, a theoretical framework of the study will be presented in 
Section 3.  An aggregate production function for Turkey is then 
modeled in Section 4.  Section 5, which reports and analyses 
empirical results, is followed by concluding remarks in section 6. 
 
2. The Relationship between Trade Liberalization and 
Endogenous Growth  
 
The emergence of endogenous growth theory has provided a theoretical 
framework for undertaking empirical work on the relationship between 
trade liberalization and economic growth.  The literature on endogenous 
growth models has attempted to establish a long-run relationship 
between trade orientation and economic growth in a number of ways2.  
Firstly, import liberalization can be expected to promote technology 
transfers through the import of advanced capital goods.  Secondly, an 
export-oriented development strategy generally leads to higher growth 
because of economic factors that probably produce satisfactory 
economic performance (Krueger, 1978), such as returns to scale, 
indivisibilities, and the impact of competition.  Thirdly, foreign direct 
investment (FDI) helps to transfer technology from industrially 
advanced countries to developing countries, as was the case in the East 
Asian economies.  Fourthly, an outward-looking growth strategy makes 
it possible to use external capital for development without encountering 
serious problems in servicing the corresponding debt (Dollar, 1992).  
Fifthly, larger economies of scale in production due to the opening up of 
an economy are likely to speed up the rate of economic growth through 
a faster rate of absorption of technological progress originating in 
advanced countries (Lewis, 1955; Grossman and Helpman, 1991; 
Romer and Rivera-Batiz, 1991; Barro and Sala-i-Martin, 1995).  
                                                 
2 Five possible ways have been summarised in Dutta and Ahmed (2001). 
Recently, Dinopoulos and Thompson (2000, p. 338) argue more 
convincingly that trade openness, as a proxy for openness to more 
general technology linkages, increases the effectiveness of human 
capital in terms of new local knowledge. 
 
Policy shift in growth strategy results in structural changes in the 
performance of the economy, especially in foreign trade in terms of 
export intensity, import penetration and composition of total exports.  
As pointed out by Romer (1993), the determinants of international flows 
of ideas about production play a significant role in influencing the 
economic growth of developing countries:  foreign investors bring not 
only their knowledge, but also financial resources.  According to 
Fischer (1993), the investment decisions of multinational corporations 
significantly depend on two factors: direct costs (such as tax rates or 
wage rates), and indirect costs (such as political and macroeconomic 
instability).  Macroeconomic and political stability can be identified in 
terms of factors such as low levels of inflation, budget deficits, the level 
of government spending, current account deficit, the good performance 
of both privatization and independent regulatory bodies for instituted 
infrastructure development (such as telecommunication and energy 
sectors), and market competition.  Easterly et al. (1993) find that the 
volatility of output growth is the result of political and macroeconomic 
instability.  This instability, it is argued, also negatively affects the flow 
of ideas from rest of the world. 
 
In the case of Turkey, after changes in its growth strategy during the 
early 1980s, the absence of policy aimed at increasing competitiveness 
has prevented the Turkish economy from increasing per capita income, 
sectoral productivity and efficiency, as well as attracting foreign direct 
investment.  Some of the key factors for this failure are a lack of 
infrastructure and insufficient intangible investment, especially in 
research and development.  Also, macroeconomic instability, 
accompanied by high levels of government expenditure, has been 
responsible for persistently high level of inflations and high nominal 
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interest rates, which act to negatively affect private investment.  During 
the same period, there has been a drastic shift in household consumption 
patterns in terms of increases in both imported durable and non-durable 
goods.  This has given rise to a current account deficit with severe 
pressure on the domestic currency resulting in its depreciation.  All 
these factors seem to have negatively affected the economic growth of 
the Turkish economy over the past two decades.  The Turkish case thus 
illustrates the relevance of the studies of Romer (1993), Fischer (1993), 
and Easterly et al. (1993), which focus on the volatility in economic 
growth of developing countries that have adopted policy of trade 
liberalization.   
 
Although some studies have found a positive correlation between output 
growth and the openness of the economy, the role of human capital on 
economic growth under different trade regimes has received little attention.  
Recently, a few empirical studies have focused on the role of human capital 
and the results tend to validate the endogenous growth model.  A summary of 
the results of various such models (Romer, 1989; Edwards, 1992 & 1998; 
Villanueva, 1994; Ghatak, Milner and Utkulu, 1995; Gould and Ruffin, 1995; 
Ahmed, 1999; Miller and Upadhyay, 2000; Dinopoulos and Thompson, 2000; 
etc.) can be found in Table 1. 
 
3. The Theoretical Framework 
 
The theoretical framework of this study is based on Romer’s (1990) 
endogenous growth model3.  As in his previous paper [Romer (1989)], 
the major contributor of endogenously determined technical change is 
                                                 
3 Romer (1989) proposed an alternative model on human capital. In this model, 
investment on human capital creates new knowledge, which is the ultimate 
determinant of economic growth. The research technology has diminishing returns so 
that increases in the rate of investment do not cause one-for-one increases in the rate of 
creating new knowledge. However, this knowledge provides positive externalities 
because of increasing the total amount of stock of knowledge which can be used by 
other firms freely. Contrary to Romer (1990), Romer (1989) analyzed this model 
within a competitive equilibrium framework. 
human capital.  He defines human capital as ‘a distinct measure of the 
cumulative effect of activities, such as formal education and on-the-job 
training’4.  Investment on human capital in the research and 
development sector creates new knowledge.  The creation of new 
knowledge or design for new producer durables in terms of patents, 
copyrights or property-rights involves some fixed costs5.  In this 
framework, the degree of excludability and rivalry are also important 
because knowledge is an intangible good6.  Because of these properties, 
the price-taking competition assumption cannot be used for the 
production of knowledge or technological progress.  If the innovator 
firm prices its new product at marginal cost, then it will never get back 
the cost of the initial investment.  Therefore, this firm prices more than 
its marginal cost, which implies increasing returns to scale7.  As shown 
in Table 2, homogeneity of one is rejected vis-à-vis the increasing 
returns to scale. 
 
In Romer’s model, there are three sectors– namely, research and 
development (R&D), producer durables and final-goods.  The model is 
explained by four basic inputs: physical capital (K) measured in units of 
consumption goods8, employment level (L) measured in terms of 
                                                 
4 Romer (1990), p.79. 
5 The invention cost, the construction cost of a prototype, testing cost or refinement cost, etc. are some examples of fixed cost or cost 
of producing a new design. 
6 Knowledge is a partially excludable and non-rival good.  It is non-rival because it can 
be used in different stages of the production process simultaneously. Its partial 
excludability could come from legal institutions that restrict rival firms to use the new 
design in terms of patents, copyrights or property-rights. 
7 In Romer’s analysis, knowledge enters into the production process in two ways. First, 
the newly created intermediate durables as a result of new design enter in the final-
goods sector. Second, a new design itself increases the stock of knowledge and so does 
the productivity of human capital in R&D sector. These are the reasons for the 
justification of increasing returns to scale to operate in Romer’s model.  
8 One of the simplifying assumptions in Romer (1990, p.80) is that capital can be 
accumulated as foregone output, which is equivalent to the assumption that the capital 
goods are produced in a separate sector that has the same technology as the final-
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number of workers, human capital (H) measured in terms of cumulative 
effect of activities such as formal education and on-the-job training, and 
the state of technology (A) measured in terms of the economy –wide 
existing stock of new designs or knowledge in a point of time.  Here the 
rival component of knowledge (H) is explicitly distinguished from its 
non-rival component (A). 
 
In order to produce designs for new producer durables (used as 
intermediate inputs), the R&D sector uses only a part of human capital 
(HA) and the existing stock of knowledge [A(t)] at time ‘t’; it does not 
use physical labor and capital at all.  The rate of growth of the aggregate 
stock of designs in the R&D sector is expressed in the following 
expression: 
 
(1)AA H Aη=&  
 
where η is a productivity parameter. 
 
Romer assumes that each firm in the durable goods sector produces 
different types of intermediate inputs such as forklift, personal 
computers, etc.  Moreover, each firm may convert its γ units of final 
output (Y) into one unit of durable good.  In other words, it takes γ units 
of non-consumed output in order to produce one unit of any durable 
good.  Consequently, total amount of durable goods ( { } 1i ix x ∞== ) will be 
equal to γ times the sum of the intermediate durable goods (xi).  
Therefore, the capital stock (K) is no more a single capital stock, and, 
instead, a set of infinite types of intermediate durable goods, each 
measured in common units of production cost: 
1 1
(2)
A
i i
i i
K x xγ γ∞
= =
= =∑ ∑
 
                                                                                                                      
output sector. Foregoing consumption is therefore equivalent to shifting resources 
from the consumption sector into the capital sector. 
where xi = 0 for any i > A(t) implying that, at time t, a firm can only use 
intermediate durable inputs  that have already been invented. 
The final output (Y) can now be a function of physical labor (L), 
another part of human capital (HY), and the capital stock (K) expressed 
in terms of a finite set of intermediate durable inputs.   The production 
function can therefore be written as: 
1
1
( , , ) (3)
A
Y Y i
i
Y H L x H L xα β α β− −
=
= ∑
 
Furthermore, Romer assumes that all durable goods are supplied at the 
same level as x in order to equalize the profits for each firm.  Then (3) 
becomes: 
 
1
1 1
( , , )
( ) ( ) (4 )
Y Y
Y
Y H L x H L A x
H A L A K
α β α β
α β α β α βγ
− −
− − + −
=
=
 
 
With this formulation, the output of researcher j can be expressed with the 
amount of his or her human capital Hj, accessibility to the total stock of 
knowledge Aj and the productivity parameter η.  Thus, the rate of new designs 
produced by researcher j will be ηHjAj7. 
 
Once the contribution of all the people engaged in the research sector is 
taken into account, the growth of the R&D sector will be 
 
(5)A
A H
A
η=&
 
 
                                                 
7 The total stock of knowledge is a non-rival input because anyone in the research 
sector can use it freely. 
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In this equation, the output grows at the same rate of A, if L,HY and x are 
fixed.  The capital stock (K) also grows at this rate if x is fixed.  
Therefore, the general growth rate will be 
 
(6 )A
Y K Ag H
Y K A
η= = = =&& &  
 
Like Romer, Lucas (1988) also stressed the importance of human capital.  
However, there are some differences based on the closeness of the 
learning process to the production process.  According to Romer, the 
creation of new knowledge goes together with human capital in the 
production process and there is a need for physical capital investment 
for technological progress.  
 
 
Lucas (1988) proposed two human capital models of endogenous 
growth theory.  In the first one, human capital is analogous to general 
education and separated from the production process.  It is assumed to 
be a public good characteristic, which implies that it is available to 
anybody.  In this model, externality in the production process comes 
from the average level of human capital, which increases the level of 
productivity.  Therefore, investment in a higher level of human capital 
results with a higher growth rate.  In the second model, the emphasis is 
on learning-by-doing.  Lucas classified high technology production 
activities as causing the greatest learning externalities.  In this model, 
externalities run both to other firms and to future projects of the original 
firm.  
 
4. Modeling an Aggregate Production Function for Turkey 
 
The link between trade liberalization and the growth rate of output is 
obtained by using an aggregate production function framework.  
Following Romer (1990); we specify an aggregate production function 
for Turkey in the following way: 
 
Y = f (K, L, H, TL)                                                                     (7) 
 
where Y is the gross domestic product and where K, L, H and TL 
represent, respectively, capital and labor inputs, human capital and an 
index of trade liberalization. 
Thus, in equation (7) the Romer model is augmented by the TL variable.  
Based on the availability of time-series data and the relevance to the 
aggregate production function for Turkey, we use one measure of trade 
liberalization in this paper:  the real value of net imports (MMX).  In 
this measure, the value of real imports minus real exports of goods and 
services are taken in terms of domestic currency prices.  By using this 
variable, we tried to measure both the degree of integration and 
competitiveness of Turkish economy with the world market.  It is 
expected that there is a positive relation between economic growth and 
net imports.  
 
Following Romer (1990), the human capital variable is proxied by the 
variable EDUEXP which measures the real value of total expenditures 
on education.  Alternative variables for this proxy could be the total 
number of researchers, scientists and engineers or the value of total 
expenditures on R&D expenditures.  However, the data for these 
variables is only available for the period of 1990-2000.  For this reason, 
we focused on total education expenditures data as an indicator of 
technological knowledge in our model.  Consequently, our aggregate 
production function becomes: 
 
GDP = f (CAPITAL, LABOUR, MMX, EDUEXP)                              (8) 
 
Specifying the production function in log-linear form (with an error 
term, ut), the following equation may be written: 
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0 1 2 3 4 (9)t t t t t tLGDP LCAPITAL LLABOR LMMX LEDUEXP uα α α α α= + + + + +
 
It is expected that the elasticity parameters (α1, α2, α3, α4) > 0.  
 
This leads to the specification of a general ECM of the aggregate 
production function of the following form: 
 
∆LGDPt=β0+
1
n
i=
∑ β1i∆LGDPt-i+
1
n
i=
∑ β2i∆LCAPITALt-
i+
1
n
i=
∑ β3i∆LLABOURt-i             +
1
n
i=
∑ β4i∆LMMXt-i 
+
1
n
i=
∑ β5i∆LEDUEXPt-1+β6ECt-1+εt                                                    (10)
  
where ECt-1 = error-correction term lagged one period. 
 
5. Empirical Analysis 
 
5.1 Summary Statistics 
 
Data on GDP, CAPITAL, LABOUR, MMX and EDUEXP for the 1980-
2000 period10  is shown in Table 3. 
 
5.2 Unit-Root Tests 
 
It is a necessary condition for making a cointegration analysis to 
determine the degree of integration of each variable in the analysis.  
According to the literature, there are two types of unit root tests, namely 
Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP).  These tests 
                                                 
10 The real value of export is higher than real value of import in 1988. Since we made 
Ordinary Least Squares (OLS) analysis in logarithm form, we excluded this year from 
the analysis. 
have a similar background.  In this regard, we will explain the 
characteristics of the ADF Test.  For any time series, the ADF test can 
be simplified as the follow.    
 
∆Xt =β0 + β1t + β2Xt-1 +
1
k
i t i
i
Xβ −
=
∆∑ +εt                                                  (11) 
 
The result of the test depends on whether β2=0 or not.  The test statistic 
is computed according to the ratio, which is obtained by dividing the 
estimate of β2 by its standard deviation.  The critical values of the ADF 
statistic are constructed by MacKinnon (1991).  If the calculated test 
statistic is less than the tabulated value, then X is said to be stationary, 
or, in other words X is integrated of order zero, i.e., X∼I(0).  In this 
theoretical framework, the unit root tests are computed in Table 4 and 5.  
The tables report these ADF and PP test results for stationarity on the 
levels and the first differences of all five variables.     
  
The data used in the empirical analysis cover the period from 1980 to 
2000.  The ADF unit-root tests (Table 4) show the existence of unit 
roots, and therefore non-stationarity, in the levels of all variables.  
However, the first differences of four variables (LGDP, LLABOUR, 
LMMX and LEDUEXP) and second difference of one variable 
(LRCAPITAL) is stationary under the ADF tests.  The PP unit-root test 
does confirm stationarity for all the five variables in similar level and 
differencing stages (Table 5). 
 
5.3 Cointegration Tests 
 
In economic analysis, the relations between the variables plays 
significant role.  In the short-run, the variables may drift apart. But in 
the long-run, they converge to equilibrium.  The cointegration analysis 
provides an analytical instrument in this process.  As defined by Engle 
and Granger (1987), the stationarity of a variable determines the degree 
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of integration of the variable.  For example, if Xt is differentiated d 
times in order to achieve stationarity, we can say that it is integrated of 
order d and can be shown as Xt∼I(d).  If there are at least two variables 
which have same degree of integration (d), there can be found a linear 
combination which can be shown as ηt=Xt-γYt.  Engle and Granger 
(1987) have shown that the linear combination is integrated at any order 
less than d, then these variables are cointegrated.  The residual from the 
OLS regression is usually taken as a proxy for the linear combination 
(ηt) in empirical analysis.  For example the variables in the regression 
equation which have the same integration degree [I(1)], will be 
cointegrated and have a steady state relationship, if and only if the 
residual of the OLS regression has the integration degree of I(0).  When 
it is satisfied, the short-run equation can be constructed by using the 
error- correction mechanism (ECM) in order to achieve long-run 
equilibrium.  The ECM can be expressed as follow 
 
∆Yt = α0+α1ECMt-1+
M
i t i
i i
Yβ −
=
∆∑ +
1
N
i t i
i
Xϕ −
=
∆∑ +εt                                             (12) 
 
where ∆  denotes the first difference operator and the error-correction 
term ECM is the stationary residual from the cointegration equation 
where Xt is the explanatory variables and Yt is the dependent variable.  
 
Having found that five variables (LGDP, LCAPITAL11, LLABOUR, 
LMMX and LEDUEXP) are integrated of order one, our next step is to 
determine whether any combinations of the variables are cointegrated.  
The level of variables is regressed firstly according to the theoretical 
constraint (Table 6).  Secondly, the residual of this equation is tested as 
to whether it is stationary (Table 7).  The test result approves the 
cointegration relation between these series.  Thus, the I(0) residual can 
be used in the dynamic equation as an error-correction mechanism. 
                                                 
11 The stock of physical capital is integrated of order 2 according to both ADF and PP 
unit root tests. 
 
In the long-run equation, Adjusted R2=0.973, Durbin-Watson Statistic is 
1.081.  The t statistic values in the long-run have only a descriptive role 
since the variables are not stationary [Banerjee et al. (1993)].  
Additionally, since the Durbin-Watson statistic is greater than the 
Adjusted R2 (1.081>0.973), the joint cointegration is warranted.  The 
results are consistent with all variables. 
 
As can be seen From Table 7; since the calculated ADF and PP statistic 
is less than its critical value, the residual is stationary.  This is an 
indication of the long-run equilibrium relation between LGDP and 
LCAPITAL, LLABOUR, LMMX, LEDUEXP.  Additionally, as can be 
seen from Figure 1, the cointegration vector (residual of long-run 
equation) moves around the zero line that signals its stationarity.  In 
order to see the dynamic behavior, we can now turn into the estimation 
of error-correction model expressed by equation (8). 
 
5.4 Estimation of an Error-Correction Model 
 
In this section we estimate an error-correction model (ECM).  The ECM 
shown in Table 8 is found to best fit the data. 
 
In the model, growth rate of labor force and its second lag, growth rates 
of real fixed capital formation and net imports and the second lag of 
total education expenditures have emerged as significant determinants 
of the growth rate of gross domestic product in Turkey.  All variables 
are statistically significant. In the short-run equation, two dummy 
variables were also used.  The first dummy variable is used for 1984 and 
1987.  After the policy change from import substitution policy to trade 
liberalization in 1980, some structural policies started to change.  For 
example, the value of domestic currency increased 100% in order to buy 
one US dollar.  Moreover, the export subsidies, tax rebates, export 
credits were used very effectively such that the total of these subsidies 
amounted on average to 20 to 30 percent and import tariffs were 
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upwardly adjusted (Aricanli and Rodrik (1990), p. 1345).  Finally, the 
financial liberalization initiated with the introduction foreign currency 
deposits within the domestic banking sector in the late of 1985.  As a 
result of these policy changes in Turkish economy, the merchandise 
exports rose from US$ 2.3 billion in 1979 to US$ 11.7 billion in 1988 
which also positively affected the economic growth of Turkish economy 
(the average growth rate being 5.5 percent in the 1981-1987 periods).  
The first dummy variable (DUM8487) is used to cover these policy 
changes.  The latter one (DUM91), is used to remove the possible 
negative effects of the Golf War from the Turkish economy.  Because of 
the Golf war, tourism revenues decreased, the amount of imported oil by 
using domestic pipelines came to halt, and border trade and 
transportation also shrunk.        
 
Both of these dummy variables were used in our analysis not only for 
economic reasons, but also for the econometric consistency.  For 
example, the normality test, ARCH-LM Test and Ramsey RESET 
Specification Test for the equation including dummy variables 
performed better than the dummy excluded equation.  The redundant 
variables test is also applied for these variables, which reports the 
results of the restricted regression dropping these variables.  The 
redundant variables test is followed by the statistics associated with the 
test of the hypothesis that the coefficients on the two dummy variables 
are jointly zero.  The result also showed us that we could not remove 
these dummy variables from the dynamic equation12. 
 
The error correction coefficient, estimated at -0.21 is statistically 
significant at the 1.5 per cent level, has the correct sign, and suggests 
that any shock which diverged the economy from the steady state can 
converge to the long-run equilibrium path approximately in 5 years.  
The diagnostic test statistics shows that there is no evidence of 
                                                 
12 The redundancy test gives that F-Statistic is 102.814 (P-Value is 0.0001) & Log-
likelihood ratio is 53.919 (P-Value is 0.0001). So, we can reject the null hypothesis of 
redundancy. 
misspecification, no serial correlation, or any problem of 
heteroskedasticity, and no problem of non-normality in the residuals. 
 
6. Summary and Conclusions 
 
This paper studies the relationship between trade policies and economic 
growth in Turkey.  The ‘human capital model of endogenous growth’ 
developed by Romer (1990) is taken as the theoretical framework for 
undertaking empirical work on the relationship between trade 
liberalization and output growth in Turkey. 
 
In the empirical investigation of the aggregate growth function of gross 
domestic product in Turkey, cointegration and error correction modeling 
approaches have been applied.   Cointegration relationship between the 
gross domestic product and its major determinants, the real capital stock, 
the labor force, real net imports and education expenditure is found. 
 
In order to determine the short-term dynamics around the equilibrium 
relationship, we estimated an error correction model (ECM).  The study 
shows that the growth rates of real capital formation, the labor force, 
real net imports and the real value of total education expenditures have 
emerged as significant determinants of gross domestic product growth 
in Turkey.  
 
The estimated coefficient of net imports as a proxy for trade 
liberalization signals a very weak relationship with output growth, both 
in the long run and in the short run equilibrium.  In the estimated period, 
the export increase was materialized in labor-intensive sectors such as 
textiles, clothing, iron, and steel.  Additionally, the intermediate and 
capital goods are completely imported in these sectors.  In other words, 
the Turkish economy exported labor intensive products after trade 
liberalization and imported intermediate and capital goods for these 
labor intensive sectors (Aricanli and Rodrik (1990)).  As stated by 
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Romer (1993), the trade liberalization did not cause any inflow of 
technology but rather provided inputs for the existing low value-added 
sectors.  For this reason, the effect of trade liberalization in terms of 
diffusion of technology may have limited effects on the economic 
growth of the Turkish economy13.  In this regard, the effect of trade 
liberalization policies for the developing countries has to be analyzed 
carefully in order to see whether these policies accelerate and sustain the 
economic growth. 
  
However, one of the major limitations of the study is the aggregate 
nature of the model.   Therefore, for effective policy analysis, further 
studies may be undertaken using data at a disaggregate level.  Another 
limitation comes with the measurement of human capital; which is 
clearly imperfect:  the variable in this analysis do not include the input 
of researchers, scientists and engineers.  As such, a better measure of 
human capital accumulation may be used in the future.   
                                                 
13 It is estimated that there is not any significant improvement in the comparative 
productivity performance of Turkish economy in the period of 1972-2000 in Cihan et 
al (2001). According to their findings, there is not any significant improvement any 
structural change in output and productivity growth within this period. 
 
  10 
7. References 
 
Ahmed. N, Trade Liberalization in Bangladesh, Dhaka: University 
Press Limited, 1999. 
 
Aricanli, T. and D. Rodrik, “An Overview of Turkey’s Experience 
with Economic Liberalization and Structural Adjustment,” World 
Development 18 (1990):1343-1350. 
 
Banerjee, A. J. Galbraith and D.F. Hendry, Cointegration, Error-
Correction and the Econometric Analysis of Non Stationary Data, 
Oxford: Oxford University Press, 1993.  
 
Barro, R. J. and X. Sala-i-Martin, Economic Growth, New York: 
McGraw-Hill, 1995. 
 
Cihan, C., S. Saygili and H. Yurtoglu, “Productivity and Growth in 
OECD Countries: An Assessment of the Determinants of 
Productivity,” Yapi Kredi Economic Review 12 (2001):49-66.  
 
Dickey, D. A. and W. A. Fuller, “Likelihood Ratio Statistics for 
Autoregressive Time Series with a Unit Root,” Econometrica 49 
(1981):1057-1072. 
 
Dinopoulos E. and P. Thompson, “Endogenous Growth in a Cross-
Section of Countries,” Journal of International Economics 51 
(2000):335-362.   
 
Dollar, D., “Outward-Oriented Developing Economies Really Do 
Grow More Rapidly: Evidence from 95 LDCs, 1976-85,” Economic 
Development and Cultural Change 40 (1992):523-44. 
 
Dutta, D. and N. Ahmed, “An aggregate import demand function for 
Bangladesh: a cointegration approach,” Applied Economics 31 
(1999):465-472. 
 
–––––––––––––––––––––, “Trade Liberalisation and Industrial 
Growth in Pakistan: A Cointegration Analysis,” Economics Working 
Paper ECON 2001-4, Sydney: University of Sydney, Australia 
(2001). 
 
Easterly, W. et al., “Good Policy or Good Luck? Country Growth 
Performance and Temporary Shocks,” Journal of Monetary 
Economics 32 (1993):459-83. 
 
Edwards, S., “Trade Orientation, Distortions and Growth in 
Developing Countries,” Journal of Development Economics 39 
(1992):31-57. 
 
––––––––––, “Openness, Productivity and Growth: What Do We 
Really Know?” The Economic Journal 108 (1998):383-398. 
 
Engle, R.F. and C.W.J. Granger., “Cointegration and Error 
Correction: Representation, Estimation and Testing,” Econometrica 
55 (1987): 251-76. 
 
Fischer, S., “The Role of Macroeconomic Factors in Growth,” 
Journal of Monetary Economics 32 (1993):485-512. 
 
Ghatak, S., C. Milner, and U. Utkulu., “Trade Liberalisation and 
Endogenous Growth: Some Evidence for Turkey,” Economics of 
Planning 28 (1995):147-67. 
 
Gould, D. M. and R. J. Ruffin., “Human Capital, Trade and 
Economic Growth,” Weltwirtschaftliches Archiv 13 (1995):425-45. 
 
  11 
Grossman G.E. and E. Helpman, Innovation and Growth in the 
Global Economy, MIT: The MIT Press, 1991. 
 
Krueger, A. O., Foreign Trade Regimes and Economic Development: 
Liberalization Attempts and Consequences, Cambridge: Ballinger for 
the National Bureau of Economic Research, 1978. 
 
Lewis, W. A., The Theory of Economic Growth, London: Allen and 
Unwin, 1955. 
 
Lucas, R.E., “On the Mechanics of Economic Development,” 
Journal of Monetary Economics 22 (1988):3-42. 
 
MacKinnon, J.G., “Critical Values for Cointegration Tests,” in 
R.F.Engle and C.W.J. Granger (eds.), Long-run Economic 
Relationships: Readings in Cointegration, Oxford: Oxford 
University Press, (1991). 
 
Mankiw, N. G., D. Romer, and D. N. Weil., “A Contribution to the 
Empirics of Economic Growth,” Quarterly Journal of Economics 
107 (1992):407-437. 
 
Miller, S.M. and M.P. Upadhyay., “The Effects of Openness, Trade 
Orientation, and Human Capital on Total Factor Productivity,” 
Journal of Development Economics 63 (2000):399-423. 
 
Romer, P. M., “What Determines the Rate of Growth and 
Technological Change?” Policy, Planning, and Research Working 
Paper 279,  Washington, DC:  World Bank (1989). 
 
Romer, P. M., “ Endogenous Technological Change,” Journal of 
Political Economy 98 (1990):71-102. 
   
Romer, P. M., “Idea Gaps and Object Gaps in Economic 
Development,” Journal of Monetary Economics 32 (1993):543-73. 
 
–––––––––– and L. Rivera-Batiz., “International Trade with 
Endogenous Technological Change,” European Economic Review 35 
(1991):971-1004. 
 
Solow, R. M., “A Contribution to the Theory of Economic Growth,” 
Quarterly Journal of Economics 70 (1956):65-94. 
 
State Planning Organization, Main Economic Indicators, Ankara, 
Turkey: Various issues. 
 
Swan, T., “Economic Growth and Capital Accumulation,” Economic 
Record 32 (1956):334-61. 
 
United Nations Educational, Scientific, and Cultural Organization, 
Statistical Yearbook, Paris, France: Various issues. 
 
Villanueva, D., “Openness, Human Development, and Fiscal Policies: 
Effects on Economic Growth and Speed of Adjustment,” IMF Staff 
Papers 41 (1994):1-29. 
 
 
Table 1: Studies showing the relationship between trade liberalization and economic growth in 
developing countries using the framework of an endogenous growth model 
 
Authors Methodology Findings 
Romer (1989) 
Time-series data for 1960-85 for 
90 developing countries; 
regression analysis 
Testing the significance of an 
endogenous growth model, the 
study finds that economic 
openness, by taking advantage of a 
wider range of innovations, 
increases the growth rate. 
Edwards (1992) 
Time-series data for 1970-82 for 
30 developing countries; 
regression analysis 
Trade orientation and human 
capital accumulation emerge as 
significant determinants of growth 
in developing countries. 
Villanueva (1994) 
 
 
 
 
 
 
Time-series data for 1975-86 for 
36 developing countries; 
regression analysis 
The empirical results validate the 
endogenous growth model, 
particularly the positive effects of 
public policies of openness and 
investment in human capital on 
growth. 
Gould and Ruffin 
(1995) 
Time-series data for 1960-1988 
for 98 countries; 
regression analysis 
A positive relationship between 
growth and the external effects of 
human capital varies according to 
trade regimes, with growth rates 
ranging from 0.65 to 1.72 per cent 
higher in open economies than in 
closed ones. 
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Table 1 (Continued) 
Authors Methodology Findings 
Edwards (1998) 
Time-series data for 1960-1990 
for 93 countries; 
regression analysis 
The results suggest that more open 
countries have experienced faster 
productivity growth.  However, 
openness is found to be relatively 
less important than initial GDP 
and human capital. 
 
Ahmed (1999) 
Time series data for 1974:1 - 
1996:4 for the Bangladesh 
economy; cointegration analysis 
The empirical results validate the 
endogenous growth model 
developed by Lucas (1988), 
showing the positive effect of 
trade liberalization and investment 
in human capital on industrial 
growth. 
Dinopoulos and 
Thompson (2000) 
Time-series data for 1960-1985 
for 96 countries; 
regression analysis 
The results suggest that empirical 
support to an augmented Romer 
model of endogenous growth 
depends on the share of human 
capital devoted to knowledge 
creation. 
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Table 2: A Comparative Study of Solow, Mankiw et al.  and Romer Models of 
Growth 
Solow-Swan (1956) growth 
model with labor 
augmenting exogenous 
technological progress 
Augmented Solow 
(Mankiw et al. (1992)) 
Endogenous growth model  
(Romer (1990)) 
Production function(a) 
Yt = AtKβt (EtLt)1-β 
At >0,   Et = E0egt, 
Lt = L0ent 
Subject to(b) 
 k •t = s y t – (n+g+d) k  t 
 
 
Steady-state(c) 
y° = k° = c° = g 
Y° = K° = C° = g+n 
 
Returns to Scale 
β + (1-β) = 1 
Production function(a) 
Yt = AtKβtHαt (EtLt) 1-α-β 
At >0,   Et = E0egt, 
Lt = L0ent 
Subject to(b) 
 k •t = sk y t –  (n+g+d) k t  
 h •t = sh y t –  (n+g+d) h t  
Steady-state(c) 
y° = k° = c° = g 
Y° = K° = C° = g+n 
 
Returns to Scale 
β + α + (1- α - β) = 1 
Production function(a) 
Yt = (HYAt)α(LtAt)βK1-α-βγα+β-1 
At=A0egt, Lt=L0ent 
 
Subject to(b) 
K•t=Yt-Ct 
A•t = ηHAA 
HA+HY ≤ H 
 Steady-state(c) 
y° = k° = c° =  g = ηHA 
 
 
Returns to Scale (for Yt=F(A,X)) 
F(λA, λX) > λ F(A, X) = F(A,λX) 
where X is HY, L, K 
                  
 Notes: 
                 a Yt, Kt, Lt, Ht, Et, γ & η respectively represent output, physical capital, number of workers, human capital, labor augmenting 
technological factor, amount of output required to produce one unit of producer durable good, and a productivity parameter. 
 
b Small letters denote ‘per capita’, while capital letters denote ‘level’; ‘−’ indicates per efficiency unit of labor; ‘•’ denotes first 
order time derivative; ‘n’ represents growth rate of labor; ‘g’ represents overall economic growth rate; ‘d’ represents depreciation; 
sk and sh respectively denote saving share of physical capital and human capital; and ‘c’ denotes individual per capita 
consumption.  
c ‘°’ denotes the growth rate of the corresponding variable. 
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Table 3: Summary Statistics of Variables 
Variable Description Mean SD CV 
Growth 
ratea (%) 
GDP 
Gross 
Domestic 
Product 
391625.5 105896 0.27 4.7 
CAPITAL 
Real Gross 
Capital 
Stock 
1047446 307580.2 0.29 4.9 
LABOUR 
Total 
Employment 
19117.15 1820.579 0.10 1.6 
MMX 
Real Value 
of  Net 
Imports  
13844.55 11136.58 0.80 11.3 
EDUEXP 
Total 
Education 
Expenditure  
2788.2 1346.294 0.48 7.8 
 Note:  
a Annual growth rates are trend values significant at the 1 per cent level. 
 
 
 
 
 
 
 
 
 
 
 
  
16
Table 4: ADF Unit Root Tests for Stationarity 
  ADFa  
Variable 
Levels or 
First Diff. 
Without 
Intercept 
and Trend 
With Intercept 
With Intercept 
and Trend 
Conclusion 
LGDP Levels 3.97 -1.36 -1.36 I(1) in all 
 
First 
Difference 
-1.37 -3.66c -4.14c 
I(0) except 
without 
intercept&trend 
 
Second 
Difference 
-5.70d -- -- 
I(0) in without 
intercept&trend 
LCAPITAL Levels 2.92 0.46 -2.93 I(1) in all 
 
First 
Difference 
-0.38 -2.38 -2.24 I(1) in all 
 
Second 
Difference 
-4.02d -3.89c -4.01c I(0) in all 
LLABOUR Levels 1.73 -1.42 -0.79 I(1) in all 
 
First 
Difference 
-1.93b -2.93b -3.15 
I(0) except 
intercept&trend 
 
Second 
Difference 
-- -- -5.38d 
I(0) in 
intercept&trend 
LMMX Levels 0.33 -1.45 -4.96d 
I(1) except 
intercept&trend 
 
First 
Difference 
-5.94d -6.04d -5.87d I(0) in all 
LEDUEXP Levels 1.45 -0.64 -2.70 I(1) in all 
 
First 
Difference 
-2.34c -3.06c -2.96 
I(0) except 
intercept&trend 
 
Second 
Difference 
-- -- -3.87c 
I(0) in 
intercept&trend 
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Note:  
a Unit root tests are performed using EViews 3.0. The Critical Vales are derived form MacKinon (1991). 
b Significant at 10% level, 10% Critical Value for LLABOUR is -1.63 (without intercept and trend); %10 Critical Value for 
LLABOUR is -2.67 (with intercept).  
 c Significant at 5% level, 5% Critical Value for LGDP is -3.05 (with intercept); 5% Critical Value for LGDP is -3.71 (with 
intercept and trend); 5% Critical Value for LCAPITAL is -3.07 (with intercept); 5% Critical Value for LCAPITAL is -3.73 (with 
intercept and trend); %5 Critical Value for LEDUEXP is -1.96 (without intercept and trend); 5% Critical Value for LEDUEXP is -
3.05 (with intercept) ; %5 Critical Value for LEDUEXP is -3.73 (with trend and intercept). 
 d Significant at 1% level, 1% Critical Value for LGDP and LCAPITAL is -2.73 (without intercept and trend); %1 Critical Value for 
LLABOUR is -4.67 (with intercept and trend); %1 Critical Value for LMMX is -2.72 (without intercept and trend); %1 Critical Value 
for LMMX is -3.89 (with intercept); %1 Critical Value for LMMX is -4.57 (with trend and intercept-level); 1% Critical Value for 
LMMX is -4.62 (with intercept and trend-first difference). 
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Table 5: Phillips-Perrona (PP) unit root test for stationarity  
Variables 
Levels/ 
First Differences 
Without Intercept 
and Trend 
With 
Intercept 
With Intercept 
and Trend 
 
Conclusion 
LGDP Levels 6.49 -1.31 -2.08 I(1) 
 
First 
Differences 
-2.47c -5.56d -6.03d I(0) 
LCAPITAL Levels 11.98 0.82 -2.36 I(1) 
 
First  
Differences 
-0.40 -2.95b -2.97 
I(1) except 
Intercept 
 
Second 
Differences 
-6.12d -5.90d -5.99d I(0) 
LLABOUR Levels 2.80 -1.39 -0.84 I(1) 
 
First  
Differences 
-2.16c -2.66b -2.59 
I(0) except trend 
&intercept 
 
Second 
Differences 
-- -- -3.72c 
I(0) in trend 
&intercept 
LMMX Levels 0.31 -2.95d -6.33d 
I(1) except 
intercept, 
trend&intercept 
 
First  
Differences 
-9.58d -9.67d -9.67d I(0) 
LEDUEXP Levels 1.52 -0.23 -2.33 I(1) 
 
First  
Differences 
-2.51c -2.91b -2.85 
I(0) except trend 
&intercept 
 
Second 
Differences 
-- -- -4.07c 
I(0) in trend 
&intercept 
 
Note:    
a PP test was performed using EViews 3.0. The Critical Vales are derived form MacKinon (1991). 
b Significant at 10% level, 10% Critical Value for LCAPITAL is -2.66 (with intercept- first difference); 10% Critical Value for 
LLABOUR and LEDUEXP is -2.66 (with intercept). 
c Significant at 5% level, 5% Critical Value for LGDP is -1.96 (without intercept and trend); 5% Critical Value for LLABOUR 
and LEDUEXP is -1.96 (without intercept and trend); 5% Critical Value for LLABOUR and LEDUEXP is -3.71 (with intercept 
and trend). 
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d Significant at 1% level, 1% Critical Value for LGDP is -3.86 (with intercept); 1% Critical Value for LGDP is -4.57 (with 
intercept and trend); 1% Critical Value for LCAPITAL is -2.72 (without intercept and trend); 1% Critical Value for LCAPITAL is 
-3.89 (with intercept-second difference); 1% Critical Value for LCAPITAL is -4.62 (with intercept and trend); LMMX (without 
intercept and trend) is -2.71; 1% Critical Value for LMMX is -2.66 (with intercept-level); 1% Critical Value for LMMX is -3.86 
(with intercept-first difference); 1% Critical Value for LMMX is -4.53 (with intercept and trend-level); 1% Critical Value for 
LMMX is -4.57 (with intercept and trend-first difference). 
 
Table 6: Estimate of Long-Run Equationa 
Dependent Variable = LGDP 
Regressor 
Parameter 
Estimate 
Standard 
Error 
P-Values 
Constant -4.85 2.85 0.109 
LRCAPITAL 0.54 0.20 0.015 
LLABOR 1.00 0.51 0.068 
LMMX 0.0076 0.014 0.600 
LEDUEXP 0.0440 0.059 0.473 
Adj R2 = 0.973 
D. W. = 1.081 
 
Note:             
 a Least Squares Estimation Technique is applied in the long-run equation.  
 
 
Table 7a: ADF & PP Unit Root Tests for Stationarity of Residual 
   
Variable 
Levels or 
First Diff. 
Without Intercept 
and Trend (ADF)  
Without Intercept 
and Trend (PP) 
Conclusion 
RESIDUAL Levels -2.60b -3.20c I(0) in all 
 
Note:  
a  ADF and PP tests were performed by using EViews 3.0. The Critical Vales are derived form MacKinon (1991). 
b  Significant at 5% level, 5% Critical Value of ADF Test for RESIDUAL is -1.96 (without intercept and trend) 
c  Significant at 1% level, 1% Critical Value of PP Test for RESIDUAL is -2.70 (without intercept and trend). 
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Table 8: Estimated Error-Correction Modela 
Dependent Variable = ∆LGDP 
Regressor 
Parameter 
Estimate 
T-Ratio P-Values 
∆2LRCAPITALb 0.77 6.79 0.0001 
∆cLLABOUR 0.44 4.51 0.0015 
∆LLABOUR(-2) 2.05 19.31 0.0000 
∆LMMX 0.0222 13.58 0.0000 
∆LEDUEXP(-2) 0.0480 4.31 0.0020 
DUM8487 0.0537 9.92 0.0000 
DUM91 -0.0789 -9.04 0.0000 
EC(-1) -0.21 -3.01 0.0146 
Adj R2 = 0.97 
D. W. = 1.98 
ARCH Test = 0.039 (0.85)d 
RESET = 0.006 (0.94)d 
Normality = 1.409 (0.49)d 
 
 Note:  
a Least Squares Estimation Technique is applied in the long-run equation. 
b ∆2 denotes the second difference of the respective explanatory variable. 
c ∆ denotes the first difference of the respective explanatory variable. 
d Figures in bracket indicate p-values. 
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Figure 1: The Plot of Residual Variable in the Long-run Equation 
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